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Abstract: Extra virgin olive oil is considered worldwide as one of the most important products, a
standard bearer of the Mediterranean diet. Despite this, the production chain of extra virgin olive oil
generates four times more waste than quantity of oil. For this reason, the disposal of olive mill wastes
represents a significant environmental problem in all the Mediterranean countries. In this direction,
several innovations and improvement strategies were proposed in the literature to correctly manage
these by-products and, in some cases, to valorize them by the recovery of polyphenols and other
interesting substances. However, innovations and improvement strategies for the valorization of
olive tree leaves are definitely neglected in the literature, thus motivating this work. The aims of this
work are as follow: firstly, to develop and test an innovative olive tree leaves shredder prototype
to help olive oil millers in the management of waste leaves deriving from pruning and olive oil
production; secondly, to test the combination of the minced olive tree leaves with other by-products in
the production of high-quality compost. The results showed the effectiveness of the tested olive tree
leaves shredder in significantly reducing the volume occupied by the leaves by 40%. Moreover, the
mixing of the minced olive tree leaves with other by-products lead to a high-quality compost which,
in accordance with Italian legislation, could even be certified and labeled with this denomination.
Future research will investigate the quantification of the benefits in terms of environmental impacts
using life cycle assessment.
Keywords: olive mill waste; by-product valorization; organic carbon; nitrogen fertilization; polyphe-
nol extraction; waste management
1. Introduction
Extra virgin olive oil, a standard bearer of the Mediterranean diet, is constantly gaining
interest. Its production continues to increase from levels seen in 2006 [1]. According to a
European Commission report, 3 million tons of olive oil are approximately produced each
year in the world [2]. Two million tons of this production takes place in the EU [2]. The
main member states involved are Spain (66% of EU production); Italy (15%); Greece (13%);
and Portugal (5%) [2]. The European Union is the main producer, consumer, and exporter
of olive oil; it produces about 67% of the world’s olive oil [2].
However, as highlighted by Espadas-Aldana et al. (2019) [3], approximately eighty
percent of olive mass is composed of pulp, stones, and water; the production process of
extra virgin olive oil therefore generates four times more waste than quantity of oil [3].
Consequently, disposal of olive mill wastes (mainly olive washing water, wastewater, olive
pits, and pomace) represents a significant environmental problem in all the Mediterranean
countries. In particular, these olive oil mill wastes are very harmful for the environment
due to the high organic load (mainly polyphenols, short- and long-chain fatty acids), which
contributes to the phytotoxic nature and antimicrobial effect of the olive wastes [1]. For this
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reason, several innovations and improvement strategies were proposed in the literature to
recover these important polyphenols, reducing the environmental impacts.
Starting from the harvesting phase, Masella et al. (2021) [4], Beghi et al. (2021) [5],
and Tugnolo et al. (2021) [6] suggested very interesting strategies to optimize the olive
harvesting phase using an artificial neural network model and visible/near infrared tools.
Moreover, with respect to saving water in the olive washing phase, Cappelli et al. (2019) [7]
developed an innovative washing machine able to significantly reduce water consumption
(i.e., 60 L per hour), which additionally proved to be able to improve olive washing. Pro-
ceeding further in olive oil mill by-product management, Russo (2007) [8] suggested the
most interesting strategy to manage olive oil mill wastewater. This involves a novel treat-
ment approach based on tangential flow membrane filtrations for the selective separation
and total recovery of oleuropein, hydroxytyrosol, water, and organic substances [8].
Despite the fact that several innovations and improvement strategies aiming to val-
orize the most impactful olive oil mill by-products are available in the literature, suggestions
regarding the correct management of another critical by-product, namely olive tree leaves,
are definitely neglected. In several countries of the Mediterranean area, there is, unfortu-
nately, the common illegal practice of burning olive tree leaves (with other by-products
such as olive tree branches and twigs), significantly increasing fire risks and environmental
pollution. As suggested by a few authors in the literature, to valorize this important waste,
one interesting strategy could be related to the extraction of polyphenols from the olive
tree leaves [9,10]. This allows the removal of pollutant elements, obtaining products rich
in polyphenols with high commercial value. However, polyphenol extraction from olive
tree leaves requires major economic investments, not affordable for the majority of olive
oil mills.
Therefore, another interesting approach found in the literature aims to transform the
olive mill wastes into a non-toxic organic medium. This strategy has received increasing
attention in modern sustainable agriculture [1]. Many beneficial effects of applying olive
oil polyphenols to soil have been reported by several authors [1,11], in particular for the
combined use of olive oil mill by-products with wastes from other production chains
(e.g., vine, cotton, etc.) in the production of high-quality compost, thus motivating this
work. The aims of this work are as follows: Firstly, to develop and test an innovative
olive tree leaves shredder prototype to help olive oil millers in the management of waste
leaves deriving from pruning and olive oil production, reducing the space occupied by this
by-product. Secondly, to test the combination of the minced olive tree leaves with other
by-products in the production of high-quality compost.
2. Materials and Methods
2.1. Prototype Description
The olive tree leaves shredder prototype is shown in Figure 1.
The machine has been developed according to the Deming approach (i.e., plan, do,
check, and act), consistently with earlier work [7]. The machine, built using stainless steel,
presents the input section for the olive tree leaves at the top. This allows the machine
to be directly connected with the olive oil mill defoliator or to be fed independently.
Once the leaves are feed into the machine, a rotating shaft with several cutting elements
(knives) break down the leaves into small pieces, creating an air vortex which allows the
discharge of the minced leaves in the lower part of the machine. The minced olive tree
leaves could be successively collected and used in several applications (i.e., high-quality
compost production, polyphenol extraction, etc.). In particular, to highlight the potential
application of this olive tree leaves shredder machine in polyphenol extraction, a patent
application regarding a complete extraction process has been submitted to the Italian Patent
and Trademark Office, and for international patenting to the PCT (Patent Cooperation
Treaty). The effectiveness of the olive tree leaves shredder prototype in reducing the
volume occupied by the olive tree leaves was evaluated by measuring the apparent volume
occupied by 100 g of fresh olive tree leaves and, successively, by the volume of the minced
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leaves. This was carried out using a plastic graduated cylinder. The results were expressed
as volume reduction in % using the following formula:
- ((volume of fresh olive tree leaves − volume of minced olive tree leaves)/volume of
fresh olive tree leaves) × 100
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Figure 1. Pictures of the olive tree leaves shredder prototype.
2.2. Compost Formulation
The study was carried out in Montepaldi Farm (Florence, Italy) using the cement tank
located in the composting area of the farm. The cement tank dimensions were 9.10 m ×
2.20 m × 0.20 m. Using the olive tree leaves shredder prototype, 400 kg of minced olive
tree leaves were produced and mixed with 400 kg of green stalks, 400 kg of minced walnut
hull, 400 kg of unfermented white marc, 1400 kg of wet olive pomace, and 400 kg of vine
residuals to produce the tested compost. The compost mass was mixed every two months
to allow aerobic fermentation and microorganism activities. The volume occupied by the
mass was 4.004 m3.
2.3. Sampling and Compost Analyses
Compost sampling and analysis had the aim of assessing the evolution of the compost
composition every three months (for a total of six months). For this reason, samples (in
three replicates) were collected in December 2017, March 2018, and June 2018. Sampling
was carried out at 10 cm depth in randomly selected points. According to UNI EN ISO 5667-
13 [12], every sample was homogenized and processed to obtain 1.5 kg of representative
sample. Finally, samples were stored in plastic bags and refrigerated during transport
(0–4 ◦C). The analyses were carried out by the StudioAmbiente laboratory (Grosseto,
Italy) following approved, official m thods [13]. In particular, pH, dry matter cont nt,
humification index, ashes, organic carbon, total nitrogen content, total phosphorus content,
and Pb, Cu, Cd, Hg, Ni, and Zn levels were analyzed.
3. Results and Discussion
The tested olive tree leaves shredder was able to reduce the volume occupied by the
leaves by 40%. This marked decrease of the volume occupied by the olive tree leaves
could significantly help olive oil mills and farms to optimize the management of this bulky
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by-product. Moreover, the inclusion of the minced olive tree leaves showed interesting
results in the production of high-quality compost. Table 1 shows the results of compost
characterization and analysis.
Table 1. Compost characterization and analysis. Results are expressed as the mean of three replicates
± SD. Sample 1 (December 2017); Sample 2 (March 2018); and Sample 3 (June 2018).
Parameters Sample 1 Sample 2 Sample 3
pH 4.71 ± 0.10 6.96 ± 0.55 9.69 ± 0.25
Dry matter (g/100 g) 41.50 ± 0.28 45.55 ± 3.75 43.95 ± 4.45
Ashes (g/100 g) 2.25 ± 0.21 2.55 ± 0.07 4.85 ± 0.78
Humification index (HI) 0.54 ± 0.02 0.51 ± 0.01 0.50 ± 0.01
Organic carbon (%) 29.65 ± 4.60 31.10 ± 3.54 31.82 ± 1.95
Total nitrogen (%) 10.40 ± 0.01 10.95 ± 0.35 4.65 ± 0.07
Total phosphorus (%) 3.67 ± 0.52 3.98 ± 0.39 3.93 ± 0.32
Pb (mg/kg) 8.45 ± 1.77 5.85 ± 0.49 7.55 ± 1.34
Cu (mg/kg) 12.05 ± 3.32 10.35 ± 0.07 13.75 ± 6.86
Cd (mg/kg) <1 <1 <1
Hg (mg/kg) <0.5 <0.5 <0.5
Ni (mg/kg) 12.05 ± 3.32 7.45 ± 1.63 7.11 ± 1.06
Zn (mg/kg) 14.45 ± 0.07 10.60 ± 0.28 14.05 ± 3.58
According to Chiumenti et al. (2007) [14], a humidity between 40% and 60% is optimal
for compost. Despite this, Italian law has set this limit between 50% and 55% for high-
quality compost (D.lgs n 152/2006; D.M. n 21/2000). As a result, according to Table 1 and
the humification index (HI) figures, optimal results were obtained for the tested compost.
Moreover, Table 1 shows that the pH initially tended toward acidity due to CO2 and organic
acid formation; successively, it tended toward neutrality thanks to aeration (CO2 expulsion)
and ammonia production from denatured proteins; and finally, an alkaline pH values was
reached, highlighting the production of high-quality compost (Table 1).
Results for organic carbon met the standards for high-quality compost and, moreover,
showed a good carbon/nitrogen balance (Table 1). The carbon/nitrogen ratio is a key
parameter since a carbon excess could slow down microbial activities and the contrary
could instead cause a rapid breakdown. Moreover, according to Italian Legislative Decree
75/2010, high-quality compost is: “a product obtained from the composting of individually
collected organic wastes that meets the requirements and characteristics established by
Annex 2 of Legislative Decree 75/2010 and subsequent amendments”. The following limits
were reported in Annex 2 of Legislative Decree 75/2010: Pb 140 mg/kg; Cd 1.5 mg/kg; Ni
100 mg/kg; Zn 500 mg/kg; Cu 230 mg/kg; and Hg 1.5 mg/kg. The results presented in
Table 1 show that all the tested metals were significantly below the legal limits, highlighting
the achievement of a high-quality compost which could gain this label.
As highlighted by Charisiou and Goula (2014) [15], the composting of olive tree leaves
and other by-products can eliminate pathogens, convert nitrogen from unstable ammonia
to stable inorganic forms, reduce the volume of waste, and satisfy the needs for fertilizer in
agriculture. Composting olive tree leaves (alone or in a mixture) was studied by several
authors [16,17]. Moreover, phytotoxicity of olive tree leaves was evaluated by Manios
et al. (1989) [17] in relation to the compost maturity by measuring the germination index of
lettuce seeds. This could be a useful approach for further studies. However, the results
are encouraging, in particular because they meet the standards for high-quality compost
reported in Annex 2 of Legislative Decree 75/2010. However, this does not mean that
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the long-term effects of heavy metals on the soil should not be monitored. In particular,
accumulation phenomena must be carefully evaluated.
4. Conclusions
The results presented in this paper showed the effectiveness of the tested olive tree
leaves shredder in significantly reducing the volume occupied by the leaves by 40%.
Moreover, the mixing of the minced olive tree leaves with other by-products led to a high-
quality compost which, consistent with the results of the analysis reported in Table 1 and
in accordance with Italian legislation, could even be certified and labeled. This preliminary
study highlighted the interesting opportunity to correctly manage farms’ by-products
for the production of high-quality compost by applying circular economy approaches
capable of reducing environmental impacts, energy consumption, and costs. As a result,
eco-friendly waste management could allow, in small- and medium-sized companies, for
100% of raw materials to be reused, closing the nutrient circle directly in the production
area with huge economic and environmental advantages. Moreover, this eco-friendly waste
management approach could be used in mushrooms production, leading to an additional
source of profit for farms. For these reasons, we believe that the suggested approach and
the use of the olive tree leaves shredder might be of interest in small- and medium-sized
farms. Moreover, the suggested approach could be extended to different contexts of the
agro-food industry. In conclusion, with respect to future research, the quantification of the
benefits related to self-made high-quality compost in terms of environmental impacts will
be investigated using life cycle assessment.
Author Contributions: A.C.: conceptualization, methodology, validation, formal analysis, investiga-
tion, data curation, writing (original draft), writing (review & editing), visualization, supervision,
project administration; N.M.: formal analysis, investigation, data curation, writing (original draft),
writing (review & editing), visualization, supervision, project administration; E.C.: conceptualiza-
tion, validation, supervision of formal analysis, writing (original draft), writing (review & editing),
visualization, supervision, project administration. All authors have read and agreed to the published
version of the manuscript.
Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Conflicts of Interest: The authors declare no conflict of interests.
References
1. Altieri, R.; Esposito, A. Olive orchard amended with two experimental olive mill wastes mixtures: Effects on soil organic carbon,
plant growth and yield. Bioresour. Technol. 2008, 99, 8390–8393. [CrossRef] [PubMed]
2. European Commission. Olive Oil: An Overview of the Production and Marketing of Olive Oil in the EU. 2020. Available
online: https://ec.europa.eu/info/food-farming-fisheries/plants-and-plant-products/plant-products/olive-oil (accessed on 15
June 2021).
3. Espadas-Aldana, G.; Vialle, C.; Belaud, J.P.; Vaca-Garcia, C.; Sablayrolles, C. Analysis and trends for Life Cycle Assessment of
olive oil production. Sustain. Prod. Consum. 2019, 19, 216–230. [CrossRef]
4. Masella, P.; Angeloni, G.; Spadi, A.; Guerrini, L.; Cappelli, A.; Parenti, A.; Baldi, F.; Cini, E. An artificial neural network model to
predict olive mechanical harvesting: A first approach based on metadata. In VI International Symposium on Applications of
Modelling as an Innovative Technology in the Horticultural Supply Chain Model-IT. Acta Hortic. 2021, 1311, 355–359. [CrossRef]
5. Beghi, R.; Giovenzana, V.; Tugnolo, A.; Guidetti, R. Visible/near infrared spectroscopy for horticulture: Case studies from
preharvest to postharvest. In VI International Symposium on Applications of Modelling as an Innovative Technology in the
Horticultural Supply Chain Model-IT. Acta Hortic. 2021, 1311, 123–130. [CrossRef]
6. Tugnolo, A.; Giovenzana, V.; Beghi, R.; Grassi, S.; Alamprese, C.; Casson, A.; Casiraghi, E.; Guidetti, R. A diagnostic visible/near
infrared tool for a fully automated olive ripeness evaluation in a view of a simplified optical system. Comput. Electron. Agric.
2021, 180, 105887. [CrossRef]
Sustainability 2021, 13, 9421 6 of 6
7. Cappelli, A.; Parretti, C.; Cini, E.; Citti, P. Development of a new washing machine in olive oil extraction plant: A first application
of usability-based approach. J. Agric. Eng. 2019, 50, 134–142. [CrossRef]
8. Russo, C. A new membrane process for the selective fractionation and total recovery of polyphenols, water and organic substances
from vegetation waters (VW). J. Membr. Sci. 2007, 288, 239–246. [CrossRef]
9. Ahmad-Qasem, M.H.; Ahmad-Qasem, B.H.; Barrajón-Catalán, E.; Micol, V.; Cárcel, J.A.; García-Pérez, J.V. Drying and storage of
olive leaf extracts. Influence on polyphenols stability. Ind. Crop. Prod. 2016, 79, 232–239. [CrossRef]
10. Castaño-Martínez, T.; Olivares-Vicente, M.; Barrajón-Catalan, E.; Encinar, J.A.; Micol, V.; Herranz-López, M. Olive leaf polyphenols
alleviate oxidative stress and improve mitochondrial function in high glucose-induced 3T3-L1 hypertrophic adipocytes. Free
Radic. Biol. Med. 2017, 108, S94. [CrossRef]
11. Alburquerque, J.A.; Gonzálvez, J.; García, D.; Cegarra, J. Effects of a compost made from the solid by-product (“alperujo”) of the
two-phase centrifugation system for olive oil extraction and cotton gin waste on growth and nutrient content of ryegrass (Lolium
perenne L.). Bioresour. Technol. 2007, 98, 940–945. [CrossRef] [PubMed]
12. ISO. UNI EN ISO 5667-13. Water Quality—Sampling—Part 13, 2011: Guide for Sludge Sampling; ISO: Geneva, Switzerland, 2011.
13. AOAC International. Official Methods of Analysis, 17th ed.; AOAC International: Gaithersburg, MD, USA, 2005.
14. Chiumenti, A.; Da Borso, F.; Rodar, T.; Chiumenti, R. Swine manure composting by means of experimental turning equipment.
Waste Manag. 2007, 27, 1774–1782. [CrossRef] [PubMed]
15. Charisiou, N.D.; Goula, M.A. Composting Process of Olive Tree Prunings: Assessment of Nitrogen and Carbon Losses. In
Proceedings of the ATHENS 2014, Athens, Greece, 2–5 September 2014.
16. Garcia-Gomez, A.; Bernal, R.M.P. Composting of the solid fraction of olive mill wastewater with olive leaves: Organic matter
degradation and biological activity. Bioresour. Technol. 2003, 86, 59–64. [CrossRef]
17. Manios, V.I.; Tsikalas, P.E.; Syminis, C.I. Phytotoxicity of olive tree leaf compost in relation to the organic acid concentration. Biol.
Wastes 1989, 27, 307–317. [CrossRef]
